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(54) TtUe: METHOD AND APPARATUS USEFUL FOR DEIECTING BLOODC^OUP ANTIGENS AND ANTmOlSES 
(57) Abstract 

The direct assay con^rises adding a sample of eiyduocytes to a reacti<m tube chaised with a column of immunoieactive particles 
having an immunoglobulhi binding ligand sele^ed from the group consisting of Proteto A, Pioteh G. Protein AfO or a universal kappa 
light chahi bindhig piotdn coupled to the surface of the particles. Antibodies specific for bloodgroup antigens tested for are coupled to 
die ligand m the particles. The indirect assay com^lses obtaining either a sample of oytbxocytes or a sample of blood serum to be tested 
and mixing the etythnxTtes or serum with a known antibody or antigen reagent, d^}ending on whether antigens or antibodies are being 
tested fcv. The mbome is incubated in a reaction tube above a column of imnumoreactive particles having immunoglobulin binding ligands 
selected from the group conslsthig of Protein A. Protein G, Protek A/G or a universal ka^^ light chahi bhiding piotein coupled to the 
surface of the particles. A positive response is indicated t^bfaidbig of die erytfirocTtesU) the immunoreactive partis 
of the reaction tube. A negative response is hKlicated by the etytfarocytes behig faced to the bottom of the reaction tube in a pellet 
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10 METHOD AND APPARATUS USEFUL FOR DETECTING 

BLOODGROUP ANTIGENS AND ANTIBODIES 

The present invention relates generally to the field of immunoassay testing 
and more particularly to the detection of bloodgroiq) antigens and antibodies, 

15 

The testing of blood for various antigens and antibodies has become 
commoiq)lace. For example, before a patient receives a blood transfusion, a 
number of laboratory tests must be performed on a sample of both the patient's 
and the donor's blood. Specifically, the blood must be typed, to detemune its 
20 ABO and Rh D bloodgroup. Before a transfusion can proceed, the patient's serum 
must be tested for compatibility, or cross-matched, to determine whether die 
serum contains antibodies to antigens present on die erythrocytes (red blood cells) 
of a specific donor. 

25 Additionally, diere are an increasing number of antibodies that have been 

determined to be present in blood serum. Detemuning the presence or absence of 
certain antibodies can have great importance, bodi in the diagnosis and die 
treatment of certain disorders. 

30 Blood typing, compatibility testing, and antibody screening are usually done 

through some type of agglutination immunoassay. Agglutination assays, due to 
dieir simplicity .and wide range of applications, have become one of the most 
common methods used in blood testing. Agglutination assays can be performed 
relatively shnpfy and can be detected or read visually without resort to e:q>ensive 
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detection equipment. In a classical slnople dfaect agglutination assay, e.,g 
agglutination of group A erythrocytes by anti-A sm, cells bearing a groiq) A 
antigen are. agglutinated direcdy by antibody. 

5 One serious drawback to this type of testipg is the tendency for 

erythrocytes possessing weak e^tpression of a particalar bloodgroup antigen being 
tested for to not agglutinate or chunp to an extent so that proper visual 
determination of the positive response is possible. Moreover, m some cases, IgG 
class antibodies bind to die exythrocytes with high affinity but fail to induce 
10 agglutination. Addition of and-IgG antibodies crpss links the antibodies located on 
the erythrocytes and causes agglutination. An example of tiiis type of reaction is 
the classical indirect Coombs test in which a test serum is first incubated with test 
erythrocytes, the cells are washed to remove excess unbound antibodies, and then 
mixed with an antiglobulin serum (Coombs reag^t). 

15 

Lapiene et ah reported a variation of this agglutination assay that uses inert 
particles m the presence of a reagent that can be either an antibody or an antigen, 
for typing blood components that can be either erythrocytes or serum. Transfusion 
30:109-113 (1990), For an indirect test, the reagent (e.g., serum) aiid blood 

20 components (e.g. , erythrocytes) are mixed and incubated for a specified period of 
time. The mbcture is centrifiiged for about 10 minutes at 70 x g into a bed of 
inert particles (i.e., a dextran gel) m a medium contaimng an agglutinating reagent 
m solution, generally an anti-human IgG (Coombs reagent). The eryflirocytes fliat 
agglutinate are trapped within die matrix of inert particles, indicating a positive 

25 reaction. In a negative reaction, the erythrocytes circumvent the particles and 
pellet at die bottom of the reaction tube. 

Because die Lapiene mediod indicates a positive response by trapping the 
agglutinated erythrocytes on the matrix of inert particles, weak positive reactions 
30 vary significantly in appearance. Grenecally, in a weak positive reaction, some of 
fte erythrocytes will pellet in the bottom of die reaction tube and odiers will be 
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trailed in mult^le clumps. The size of die chutes of agglutinated erythrocytes 
will be dependent upon the strength of the antibo^/antigen reaction. Tlius, where 
the reaction is weak» the clumps will be smaller and more likely to pass through 
the particle matrix. Although the lapiene method offers an easy-to-perform test, 
5 weak positive reactions may sdll be difficult to read. 

Accordingly, there remains room in this field for inqproved techniques in . 
blood typing assays, m making an assay that is easier, more flexible and more 
predictable to read where there is a weak positive response. The present invention 
10 provides an improved, flexible, rapid, and accurate bloodgrouping syst^. Hie 
result of such a test is few^ fidse negative responses. 

The method of the present invention is directed toward the detection of 
bloodgroup antigens and antibodies. It employs immunoreactive affinity 
15 chromatography techniques to de^ bloodgroup antigens and antibodies. 

This method uses a particle to which an antibody bmding ligand is 
covalentiy bound. Thus, the particle is immunologically reactive 
("immunoreactive"). The immunoreactive particle may be of various materials, 
20 although agarose is preferred. The ligand may be one of several immunoglobulm 
binding proteins, for example. Protein A, Protem G, Protein A/G or KappaLock", 
although Protein G is preferred for applications m which antibody of the IgG class 
is used (e.g., in a direct test) or tested for (e.g., in an indirect test). 

25 In du*ect assays, erythrocytes are layered over a bed of particles in a 

reaction tube. The immunoreactive particles have antibody specific for the antigen 
of interest boimd to their surface through the ligand. The reaction tube is 
centrifiiged and non-binding erythrocytes will pellet at the bottom of tiie tube. A 
positive reaction will cause the erythrocytes to bind to the particles in the iq>per 

.30 portion of the reaction tube and will leave a distinct line of bound red cells in the 
upper one-half of the reaction tube. A negative response leaves substantially all of 



wo 95/31731 



-4- 



PCTA7S9S/0S982 



the erythrocytes pelleted at the bottom of the reaction tube. In the case of a weak 
positive reaction, the erythrocytes with adequate quantity or quality of the tested 
for antigen will bind to the particles in the upp^ one-half of the reaction tube 
leaving a distinct zone. Most of the remainder of the erythrocytes will pellet at 
5 the bottom of the reaction tube. The binding of the erythrocytes to the particles is 
due to the affini^ of the antigens on the red cells for the antibodies bound to the 
ligand on the particles. 

In indirect assays, erythrocytes and serum are incubated togetber for a 
10 sufficient time for the antigens on the surface of the erydirocytes to react vnfb, the 
antibodies present in the serum. The erythrocyte/serum mbcture is centrifuged, 
exposing the erythrocyte-bound antibodies to the immunoreactive particles. The 
centrifuging step is for a tune sufficient to force any non-binding erythrocytes 
through the matrix of particles. A positive reaction leaves a distinct line of 
15 erythrocytes bound to the particles due to tiie affinity of the ligand for the 
antibodies that have become attached to the antigens on the eiythrocytes, A 
negative response leaves the erythrocytes pelleted at die bottom of the reaction 
tube. In the case of a weak positive response, some of the erythrocytes will form 
a line in the upper one-half of the reaction tube and the remainder will pellet at the 
20 bottom of the reaction tube. 

The reaction that binds the erythrocytes to the particles in the direct assay^ 
i.e., an antigen/antibody reaction, is the same reaction that causes erythrocytes to 
agglutinate. Here, however, instead of merely forming clumps too large to pass 
25 through the spaces between the particles in the reaction tube, the cells bind 

directly to the particle and not to one another. Hence, the reaction of the present 
invention is an affmity reaction and not an agglutmation reaction. 

Similarly, in indirect assays, the erythrocytes become bound to the particles 
30 through the affinity that the ligand has for the antibody which has become afOxed 
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to the erythrocyte antigen during the incubation period. Tbsr^ is no agglutination 
of the erythrocytes but rather an adherence of the eiythrocytes to the particles. 

TThus, the method of the present invention relies vipon the zfGmty of the 
5 eiythroQ^ for the particle to indicate a positive response. Consequently, 

positive reactions aie more pronounced and definite in the method of the present 
invention than in those of the prior art. 



FIG. 1 A is a side view of a strong positive reaction wher^ the bindiog 
10 erythrocytes fonn a very distinct and broad Ime m tiie upper one-half of the 
reaction tube. 



FIG. IB is a side view of a weak positive reaction wherem an adequate 
quantity or quality of antigen/antibody reaction causes die eiythrocytes to bind to 
15 the particles forming a distinct line in the upper one-half of the reaction tube. The 
erythrocytes not creating the quantity or quality of antigen/antibody reaction to 
cause the same binding will be forced to pellet in the bottom of the reaction tube. 

FIG. IC is a side view of a negative reaction wherein none of the 
20 eiythrocytes create the antigen/antibody reaction necessary to bind the eiythrocytes 
to die particles and as they did not bind to the particles are forced to pellet in the 
bottom of the reaction tube. 



25 



FIG. 2A is a perspective view of a prefened single unit 6-tube array. 
FIG. 2B is a top view of the same single unit 6-tube array. 
FIG. 2C is a side view of the same single unit 6-tube array. 



30 FIG. 2D is an end view of die same single unit 6-tube array showing a 

. squared-off base. 



wo 95/31731 



-6- 



PCT/US9S/05982 



FIG. 2E is an end view of the end opposite that shown in FIG. 2D and 
showing ^ slightly nanower base than seen in FIG. 2D. 

The method of the present invention has two piefened embodiments. The 
5 first is a direct assay, in which an antibody against an eryOirocyte antigen is 

coupled to a ligand that is covalently coupled to a particle within the reaction tube. 
The eryduocyte is then bound to the particles through tb& ligand-bound antibody.. 
The second embodiment is an indirect assay, where erythrocytes are exposed to 
serum antibodies and the mature is incubated to bind die antibodies to the 
10 erythrocytes, and the eiythrocyte-andbody complexes are dien bound to the ligand 
on the particles. 

The particles used in the method of the present invention may be any 
particle used in agglutination assays to which a ligand may be coupled. 
15 Preferably, however, the particles are of agarose, Sepharose or latex, although 
other ^es of particles to which ligand may be coupled are also included within 
the scope of die invention. These particles are generally in the fonn of beads. 
Most preferred are agarose and Sepharose. These particles are m the form of 
beaded gels. 

20 

A number of ligands are known diat bind immunoglobulin molecules and 
may be covalentiy coupled to the particles, for exanq)le Protein A, Protein G, 
Protein A/G and KappaLock" Protein G is a particularly preferred ligand for use 
in assays where IgG immunoglobulins are used or tested for. One reason that 
25 Protein G is preferred is tiiat it has a greater affinity than Protein A for most IgG 
inmiunoglobulins. Protein G also binds with a significantly greater affinity dian 
Protein A to certain subclasses of IgG, e.g., human IgG3, mouse IgGl and rat 
IgG2a. Protein G does not bind to human IgM, IgA and IgD. 

30 Protem G is a bacterial cell wall protein isolated and purified from group G 

streptococci. Protein G binds to mammalian IgG mmiunoglobulins through their 
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Fc portion. Because Protein G only binds the Fc portion of IgG immunoglobulins, 
the antibody portion of flie immunoglobulin remains available for reaction witii its 
corresponding antigen, yet tiie immunoglobulin remams bound to the particle. 
Native Protein G has been sequenced by DNA analysis. From the DNA analysis, 
5 two IgG binding domains and sites for albumin and cell surface binding have been 
identified. 

LnmunoPure® Immobilized Protein G is a commercially available particle 
product having Protein G immobilized on the sur&ce of agarose gel bead particles. 
10 This product is available from Pien:e of Rockford, lUmois. the immobilized 

Protein G has been geneticaUy engineered to remove the alhnTnln and cell surface 
binding regions and thereby mmmm fti& binding of anyfhiqg other than 
unmunoglobulins. 

15 ImmunoPure® Immobilized Protem G consists of a recombinant Protein G 

covalently linked (ghitaraldehyde activation of the beads) to cross-linked 6% 
beaded agarose. The material is supplied in a 50% slurry. Hie material can bind 
11 mg of human IgG per ml of gel. 

20 Protein A is a cell wall conqment produced by seva:al strains of 

C j &£q>hylococcus aureus. Protein A is capable of qtecifically bmding the R: region 

of immunoglobulin molecules, especially IgG. The Protein A molecule has four 
high affinity bmding sites that are capable of interacting with the Fc region from 
IgG of several species. Protein A interacts with some IgG subgroups and not with 

25 . ofliers. For example, human IgGl, IgG2 and IgG4 bind strongly while IgG3 does 
not bind. And, there are also some instances in which monoclonal antibodies do 
not bind to Protein A. 



30 



Immobilized Protein A is also available commercially from Pierce. This 
immobilized Protein A is a highly purified Protein A, covalently coupled to 
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cross-linked beaded agarose. The typical binding capacity for this inunobilized 
Protein A is 12-15 mg of human IgG per milliliter of gel. 

Protein A/G is a genetically engineered protein that combines tiie IgG 
5 bindiog profiles of bodi Protein A and Protein G. Protein A/G is a gene fusion 
product secreted from a non-pathogenic form of Bacillus. This genetically 
engmeered Protein A/G is designed to contain four Fc binding domains from . 
Protein A and two from Protein G. 

10 Protein A/G binds to all human IgG subclasses. In addition, it binds to 

IgA, IgE, IgM and to IgD but to a lesser extent to IgD. Thus, Protdn A/G may 
be a preferred ligand in tests for or tests using noii-IgG class iromunoglobulins. 

Pierce also offers an immobilized Protein A/G covalendy coupled to beaded 
15 agarose under the trade name ImmunoPure^ Immobili^ Protein A/G. 

KappaLock"* is a universal kappa light chain binding protein available from 
Aaston, Inc., 12 Falmouth Road, Wellesley, Massachusetts. It has been 
genetically engineered from the DNA of a strain of Peptostreptococcus. This 

2 0 protein binds to the kappa region of the light chain of all antibody types. 

KappaLock" has been genetically engineered to delete the albumin and cell wall 
binding regions of the naturally occurring bacterial protein. The resultant 
engineered protein has four antibody binding domains and specifically does not 
bind to heavy chains or to the Fc region of immunoglobulins. Because kappa light 

25 chains are shared among different classes of antibodies, KappaLock" will bind to 
antibodies having a kappa light chains regardless of heavy chain dass. 



30 



KappaLock" may be inunobilized on various supports, particularly on 
agarose beads. Immobilized KappaLock" will capmre mouse IgG, rabbit IgG, 
human IgG, human IgA and human IgM. 
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All of tbe preferred ligands may be covalently bound to a solid-phase 
matrix such as agarose beads (e.g.« Sepharose Pharmacia) using known tedmiques, 
for example as described by Heam et al„ Methods in Enzymolagy Vol. 35:102-117 
(1987). Generally, the beads are first activated by a chemical agent, such as 
5 glutaralddiyde, carbonyldiimidizole, cyanogen bromide hydroxy-succinimide, tosyl 
chloride or the like. The chosen ligand is dien covalenfly attached to the beads, 
resulting in an extr^nely stable linkage of the ligand to the support. 

The antibody or antigen used as a rxtageat is dependent upon the antibody 
10 or antigen that is being tested for. The number of blood antigens and thus, 
antibodies that have been identified is very large, with more antigens and 
antibodies continually being determmed. The International Society of Blood 
Ttansfiision has published an article tided Bloodgroup Temdnology 1990, Vox. 
Sang. 58:1S2-169 (1990), which is expressly incorporated herem by reference. A 
. 15 non-exchisive list of red cell antigens for which the present method would be 

suitable is found on page 153. However, the following antibodies and antigens are 
particularly preferred: A, B, D, C, c, CT, E, e, K, Fy». Fy^, Jk*, Jk^, S and s. 

In adapting the method for use in testing for the various antibodies and 
20 antigens of interest, one should select a ligand capable of binding to the isotype of 
the antibody that is used or tested for or, alternatively, one may use a bridging 
antibody, e.g., an IgG anti-IgM. for an IgM antibody. Thus, an IgG anti-IgM 
antibody would be coupled to the ligand as a "bridge" and an IgM antibody would 
bind to tiie IgG anti-IgM antibody. 

25 

For direct assay, the immunoreactive particles may be prepared as follows: 
tiie particles witii covalenfly coupled ligand are first centrifuged and the supemate 
is removed and discarded. An appropriate amoiuit of properly diluted antibody 
reagent is gentiy mixed with tiie particles, and tiie mixture is allowed to stand for 
30 about 15 minutes so as to allow the antibody to bind to the ligand on the particles. 
The amount of diluted antibody reagent added to tiie particles will depend upon the 
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source and concentration of the antibody to be used. The mixture is cmtrifuged. 
and the supeniate is removed and replaced by a non*antibody contaming solution, 
for example a buffered solution containing dextran. Thus, the inununoreactive 
particle suspension will generally contain little or no firee antibody in sohition. 

5 

An appropriate amount of the inununoreactive particle suspension, e.g., 
20-lSOiLil, is pipetted into tibie reaction tube, and the particles are allowed to settle 
to the bottom of tiie tube, resulting in a substantially particle free zone of 
dextran-buffer covering the particles^ In some embodunents, a number of neutral 
10 particles, i.e., those not having ligand bound to the surface of the particles, may 
be mixed with the immunoreactive particles in order to make the assay less 
expensive to perform. 

Generally, the erythrocytes to be tested will have been drawn from a 
15 patient and submitted for determination of the presence of certain bloodgroup 
antigens. The erythrocytes are separated ftom the whole blood by traditional 
techniques, and a suspension of erythrocytes in the range of about 0.5-1.0% (w/v) 
is prepared in a low ionic strength solution. Gamma N-HANCE^ by Gamma 
Biologicals, Inc., is preferred for this solution. 

20 

An appropriate amount of a suspension of erythrocytes, e.g., 15-75/il of a 
0.5-1 % suspension, is added to the reaction tube and the reaction tube is 
centriftiged for a time sufficient to force the non-binding erythrocytes to the 
bottom. Preferably, the centrifuge has a rotor adapted so that the centrifugal force 
25 generated by the centrifuge acts along the long axis of the reaction tube. 

Consequently, the centrifugal force generated during the centrifuging step will 
operate to more forcefidly urge the non-bindiqg eiythroqrtes to pellet in Ate 
bottom of the reaction tube. 

30 Those of ordinary skill in the art will recognize that the cratrifugation 

conditions used will depend on a number of fi^rs, e.g., the design and type of 
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the reaction vessel used and the centrifuge used/ A two- or three-step 
centrifiigation procedure is preferred. Genaially, the initial centrifugation step is 
for a short period of tune ranging frmn about 10-30 seconds at a high centrifugal 
force ranging from about 800-1200g in order to force tibie eiydm>cytes through the 
5 dextran solution. A second centrifugation step is used to briDg the erythrocytes 
into contact with the immunoreactive particles. This step can be performed at a 
lower oentrifiigal force, ranging from about 300-600g for about 15-45 seconds. A 
third centrifugation step is used to force the unbound erythrocytes through the 
bead matrix. The third centrifugation may be performed at a higpbi centrifugal 
10 force ranging from about 800-1200g for a period of about 45-90 seconds. The 
third centrifugation step considerably reduces the time needed to perform the 
separation of binding and non-binding eiythrocytes. Separation is also possible by 
extending the duration of the second centrifugation step for about 5-10 minutes. 

15 In the indirect assay, an appropriate amount of immunoreactive particles, 

e.g., 15-150^1, having the ligand bound to tbe surface of die particles is obtained 
and an appropriate amount of a diluent, such as buffered saline containing dextran, 
e.g., 30-300/iil, is mixed with the particles. When performing an uidirect assay 
for an antibody screening, it may be advantageous to use a dextran/saline buffer 

20 having a pH of about 7. An appropriate amount of the nuxture, e.g., 20-150/il, is 
pipetted into a reaction tube and flie particles are allowed to settle for 
approximately 15 minutes, resulting in a substantially particle free zone of 
dextran-buffer covering the particles. In some embodunents, a number of neutral 
particles, i.e., those not having ligand bound to the surface of the particles, may 

25 be mixed with the immunoreactive particles in order to make the assay less 
expensive to perform. 

An appropriate amount of potentiator, e.g., 15-100/xl, is added to the 
reaction tube. An appropriate amount of a suspension of erythrocytes, e.g., 
30 15-75|zl, is suspended in a suitable medium, such as a low ionic strength 

potentiator solution. The potentiator acts to enhance and increase the speed at 
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which the antigen or antibody binding occurs and creates a more profound positive 
reaction if one is to occur. A particulady preferred potentiator is a low ioiuc 
strength enhancemeat solution sold under tiie tnule name Gamma N-HANCE^ 
marteted Gamma Biologicals, Inc., Houstcm, Texas. An appropriate amount 
5 of a suspension of eiythrocytes to be tested, e.g., 15-75^1 of a O.S-1 % 

suspension, is suspended in die potentiator sohition, followed by the addition of an 
^propriate amount of test serum, e.g., 15-75^1. The reaction tube is then 
mcubated under conditions sufficient for the antibody/antigra reaction to occur. 
Preferred conditions are incubation for approxunatdy S-30 minutes at about 37^C, 
10 and more preferred is an incubation time of about 10 minutes. 

The reaction tube is then centrifuged for a time sufficient to force 
non-binding erytiuocytes through the spaces between die particles, forcing them to 
pellet at the bottom of the reaction tube. 

15 

In comparing the indirect assay with the direct assay, it will be noted that 
in the indirect assay, the antibodies are added to the erythrocytes and that mixture 
incubated prior to the centrifiiging step. Thus, the antibodies and antigens have 
the opportunity to react before the erythrocytes are exposed to the particles and the 
20 attached ligand. In the direct assay, the antibodies are coupled to the ligand on the 
particles and the erythro(^s are not exposed to the antibodies until the 
erythrocytes are forced through the spaces between particles by the centrifuge. 

In the indirect assay, the erythrocytes that react with antibodies in the test 
25 serum bind to the particles through the interaction between the antibodies that 
attach to the antigens on the erythrocytes and the ligand on the particle. The 
detection of a positive reaction is the same as in the direct assay, in that a positive 
response results in a strong line of bound etytiuocytes in the upper one-half of the 
reaction tube, a weak positive response results in a line of bound eiytfaroqrtes in 
30 the upper one-half of the reaction mbe and generally some non-buiding 
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eiythrocytes pelleted at the bottom of the tube, and a negative response results in 
all the non-binding eiythrocytes pelleted at the bottom of the.reaction tube. 

The reaction tube used in the method of tiie present invention is not 
critical. The most important faaor to consider is fliat the tube provide an 
adequate column height of particles so that the afSBnity reaction can occur during 
centrifiigation. 

Microwells in microliter plates have been used successfully wherein a 3 to 
4mm column of particles is present. Also useful aie microiuge tubes and the like. 

In a preferred embodiment, a plurality of reaction mbes can be joined to 
produce a single unit tube array, for example, as shown in FIG. 2A. FIG. 2A 
shows a single imit tube array comprising six reaction tubes 10. Each reaction 
tube is scalable at its top 12 so that the array may be sold prefilled with activated 
particles suitable for iise in direct assays, indirect assays or a mixture thereof. 

As seen in FIG. 2C, each reaction tobe is substantially wider at the top, 
forming a reaction well 14 above the tube portion 16 of the reaction tube. The 
reaction well narrows in a tapering zone 18 so that during the centrifiigation step, 
the erythrocytes present in the reaction well are directed mto flie tube portion of 
the reaction tube. When prefilled, the reaction mbes will be filled with 
inununoreactive particles and dextran solution into the tapering zone. 

FIG. 2B shows that the tapering zone possesses four planar surfaces 20 
with valleys 22 at tiie intersection of each of the planar surfaces. Each planar 
surface is broadest at the top of the zone where it meets the reaction well and then 
each surface gradually narrows through the zone until it teaches tiie reaction tube 
at the termination of the tapering zone. 
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Each reaction tube has a pointed tennums 24. This configuration causes 
non-binding erytfarot^s to collect in the pouited terminus of the reaction tube in a 
pronounced pellet. The tube portion 16 of the reaction tube is to be 
dunensioned to provide a column of immunoreactive particles about 3-4mm in 
5 heigttt. The array is designed to have a labellmg 5urfiu:e 26 for af!ud^ 
identifyiiig mfonnation. 

As seen in HGS. 2D and 2E, each end of the single unit tube array is 
diffimnt» creatiAg an mdex for orientation of these arrays durii^ mass filling of 
10 the reaction tubes. Thus, one end of the array may be distinguished from the 
othen 

The unit tube array may be manu&ctured using any suitable material, such 
as plastics and the like, but preferably is made of IPX®, a biologically and 
15 chemically inert plastic generically known as polymethylpentene. TPX® is 
supplied by Mitsui Petrochemicals (America) Ltd. 

In one embodiment, e.g., for a direct test, the tubes in the array may be 
custom filled with a preselected variety of antibodies bound to the ligand. For 
20 example, a preferred array for blood ^ing may contain the following antibodies: 
auti-A, anti-B, anti-AB, anti-D (e.g., F8D8), anti-D (e.g., GAMA-401) and a 
suitable control Oiganti only). 

Tbe following examples are provided so as to enable those of oidinary skill 
25 in the art to practice the method of the invention. These examples are not 
intended to limit the scope of what the inventors regards as theu: invention. 
Efforts have been made to ensure accuracy with respect to numbers used to 
characterize the measured conditions; however, some experimental errors and 
deviations may be present. 

30 
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EXAMPLE 1 
Testing for tiie Presence or Absence of the A 
Bloodgroup Antigen on Eiythrocytes using a Direct Assay 

5 A. Preparation of Specific Anti-A Agarose Beads 

Two ml of ImmunoPure* Immobilized Protein G was centrifuged for about 
two minutes at 1000 g and the supemate removed and discarded. Two ml of a 
pre-diluted sample of a mouse monoclonal anti-A (clone 46G5 mouse IgG3 
isotype) was added. The monoclonal anti-A was diluted in O.OIM citrate buffered 
10 saline (pH 5.0) containing 7.5% Dextran(w/v). The contents were mbced gently 
and allowed to stand for 15 minutes. The agaiose/antibody mixture was 
centrifuged for approximately two minutes at lOOOg and the supemate removed 
and tested for residual anti-A activity in an agglutination assay. 

3.5 That testing was perfonned in the following manner: a sample of the * 

supemate was tested for its ability to agglutinate A positive erythrocytes. No 
agglutination was observed, indicating complete bindii^ of the antibodies to the 
particles. 

20 B. Preparation of the Reaction TUbes 

Individual microwells of a microliter plate (Thennoweir polycarbonate 
microtiter plate Costar) were used as reaction tubes. The q)ecific anti-A agarose 
beads were thoroughly mixed and 70/zl of die nuxture was pipetted into each 
microwell. The agarose beads were allowed to settle to the bottom of the well 

25 before further testing (approximately 15 minutes). 

C. Test Procedure 

Erythrocytes were obtained from either citrated blood samples or liquid 
nitrogen storage. The blood samples had been previously typed using FDA 
3 0 approved anti-A and anti-AB bloodgroupiqg reagents. A 0.8% suspension of tfie 
sample erythrocytes was prepared using a low ionic strepgth solution (Gamma 
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N-hance**, Gamma Biologicals, Inc.). Fifteen micioliters (IS/^l) of the 
approximate 0.8% suspension of erythrocytes were pq)etted into the reaction tube. 
The microtiter plate was tiben centrifiiged for IS seconds at 900-1000 g, 30 
seconds at SOO g, and finally for 45 seconds at 900-1000 g in a Sero-fuge n 
5 (Clay-Adams), usu^ a modified rotor so that the centrifugal force acts along the 
long axis of tiie reaction tube. 

D. Sesults/Inteipretation 

If the erythrocytes possess the A bloodgroup antigen, they will adhere to 

10 the anti-A agarose beads at the top of the matrix (FIG. lA). If the erythrocytes 
possess a weak expression of the A bloodgroup antigen, e.g., A3 or A^^^ then some 
erythrocytes will adhere to the anti-A agarose beads at the top of the matrix and 
some will coUea at the bottom of the wells (FIG. IB). If the erythrocytes do not 
possess the A antigen, all the erythrocytes will collect at the bottom of the wells 

15 (FIG. IC). The results observed in this experiment are shown below in Table 1. 

TABLE 1 
ABO BLOODGROUP 





A, 


A, 


A,B 




A3 


A2 


B 


0 


No. Tested 


10 


8 


6 


2 


2 


2 


10 


10 


No. Positive 


10 


8 


6 


2 


2 


2 


0 


0 



Testipg erythrocytes for tfie presence or absence of the B bloodgroup 
25 antigen can be performed in a shnilar manner by substitutii^ an anti-B for the 
anti-A reagent. 



30 



The source of the antibody can be either human polyclonal, human 
monoclonal or mouse monoclonal, etc. If the immunoglobulin class of the 
antibody is not IgG, then the antibody can be attadied to a Protein G Ugand by 
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means of a second antibody, e.g., anti-human IgM or anti-kappa or anti-lambda, 
provided tiiat this secondary antibody is of ttie IgG class. Alternatively, if Protein 
A/G is bound to the gel particles, any. antibody class to which Protein A/G binds 
msy be used. 

5 

EXAMPLE2 
Testing for the Presence or Absence of the 
Rh D Antigen or Erythrocytes by Direct Assay 

10 The erythrocytes were obtained from either citrated blood samples or liquid 

nitrogen storage. The erythrocytes had been previously typed using EDA 
approved anti-D bloodgrouping reagents. A 0.8% suspension of the erythrocytes 
was prepared in a low ionic strength solution (Gamma N-HANCE®, Gamma 
Biologicais, Inc.). 

15 

The preparation of the reaction tubes and test procedure are identical to 
those previously described in Example I except that an IgGl anti-D (human 
monoclonal clone F8D8) was substimted for the anti-A antibodies. 

20 A. Results/Interpretations 

If the erythrocytes possess a normal expression of the rhesus D antigen, 
they will adhere to the anti-D agarose particles at tiie top of the solid phase matrix 
(FIG. . 1 A), If the erythrocytes possess a weak (quantitative) expression of the D 
antigen, e.g., D™, or a qualitative variant of the D antigen, e.g., DVI variant, then 

25 some of the erytiirocytes will adhere to the anti-D agarose particles at the top of 
the matrix and some will collect at the bottom of the wells (FIG. IB). If the 
erythrocytes do not possess the rhesus D antigen, all the erythrocytes will collect 
at the bottom of the wells (FIG. IC). The results observed m this experiment are 
shown below in Table 2. 
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TABLE 2 
RhD 





RhD 

Positive 


RhD 

Negative 


DVI Variant 


WeakD(D") 


No. Tested 


10 


6 


3 


3 


No. Positive 


10 


0 


3 


2 



Testing erythrocytes for the presence or absence of other Rh antigens, e-g., 
C, c, E or e, etc. can be performed in a similar manner by substituting that 
specific reagent for the anti-D antibodies. The source of tiie antibodies can be 

10 either human polyclonal (e.gM afBnitir purified), human monoclonal or mouse 

monoclonal, etc. If the immunoglobulin class of the antibody is not IgG. then fte 
antibody can be attached to a Protein G ligand by means of a second antibody, 
e.gM anti-human IgM or anti-kappa or anti-lambda, provided that this secondary 
antibody is of the IgG class. Alternatively, if Protein A/G is bound to the gel 

15 particles, any antibody class to which Protein A/G binds may be used. 

EXAMPIJB3 
Testing for the Presence or Absence of the 
Fy* Antigen on Erythrocytes by Indirect Assay 

20 

This test procedure was performed with non-affini^ purified human 
polyclonal antisera. 

A. Preparation of Protein G Agarose Particles 
25 Two ml of immobilized Protein G (ImmunoPure^ G) was oentrifuged for 

about two minutes at 900-lOOOg and the supemate removed and discarded. Two 
ml of a O.OIM citrate buffered saline (pH 5.0) sohition containing 7.5% Dextran 
(w/v) was added to the Protein G and mixed dioroughly. 
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B. Preparation of the Reaction Tubes 

Sevens miaxiliters (70/^1) of the Protein G mixture from above was 
pipetted into microwells in a microtiter plate (Thennowell*' polycarbonate 
microtiter plate Costar). The agarose particles were allowed to settle to the base 
5 of the wells (approximately IS minutes). 

C. . Test Procedure 

Fif^ microliters (50^1) of a low ionic strength enhancement solution 
(Gamma N-HANCE^, Gamma Biologicals, Inc.) were added to each well. The 

10 erythrocytes were obtained either from citrated blood samples or from 

conunercially available reagent erythrocyte panels (Gamma Biologicals, Inc.) and 
had been previously typed using FDA approved anti-Fy^ bloodgrouping reagent. 
A 0.8% suspension of the erythrocytes was prepared usmg a low ionic strengfli 
solution. Fifteen microliters (15^1) of the 0.8% suspension of the erythrocytes to 

15 be tested was added to each well followed by 25^1 of an anti-Fy^ reagent test 
serum. The microtiter plate was then incubated for 10 minutes at 37^C. 

The reaction tube was then centrifuged for 15 seconds at 900-lOOOg, 30 
seconds at 500g, and 45 seconds at 900-lOOOg in a Sero-fuge n (Clay-Adams) 
2 0 usmg a modified rotor so that the centrifugal force acts directly along the axis of 
the reaction mbe. 

D. Results/Interpretation 

If the erythrocytes possess the Fy* bloodgroiq) antigen, they will adhere to 
25 the Protein G agarose particles at the top of the matrix (FIG. lA), If the 

erythrocytes do not possess the Fy* bloodgroup antigen, they will collect at the 
bottom of the wells (FIG. IC). The results observed on this experiment are 
shown below in Table 3. 
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TABLE3 

Fy' Antigen Typing Duffy Bloodgronp Phenotype 





Fy(a+b-) 


Fy(a+b+) 


Fy(a-b+) 


No. Tested 


10 


10 


8 


No. Positive 


10 


10 


0 



This test procedure could be used to type eiythrocytes for any eiythroqrte 
antigen in combination with a polyclonal or monoclonal antiserum containioig 
specific IgG antibodies to the erythrocyte antigen. 

10 

EXAMPLE4 
Antibody Screemng or Coiqpatibility 
Testily by Indirect Assay 

15 The erytiirocytes used were from comm^cially available reagent 

erythrocyte panels (Gamma Biologicals, Inc.) that had been previously typed for 
specific antigens using PDA approved bloodgrouping reagents, where available, by 
the manufacturer. The sara samples were obtained from patient samples referred 
to the consultation laboratory of Gamma Biologicals, Inc. Each serum sample was 

2 0 tested with at least one erythrocyte suq)ension expressing the antigen against 
which the antibody was du^cted (positive control), and with at least one 
erythrocyte suspension lackmg die antigen recognized by the antibody (negative 
control). 

25 The preparation of the reaction tubes and ^t procedure are sunilar to those 

described in Bmnplt 3 except that either erythrocytes of a known antigenic 
composition (antibody screenii^) or donor erythrocytes (compatibility testing) are 
used m combination with a serum specimen from a patient or donor. 



wo 95/31731 



-21- 



PCT/US9S/DS982 



A. Results/Interpretation 

If fhe patient's or donor's serum specimen contains an IgG antibody or 
antibodies directed against an antigen or antigens present on the erytln-ocytes used 
in the test procedure, the eiythiocytes will adhere to the Protein G agarose 
5 particles at the top of the matrix (FIG. lA). 

In the case of a weak antigen-antibody reaction, some erythrocytes will 
adhere to fhe Protein G agarose particles at the top of the matrix and some will 
collect at the bottom of the reaction tube (FIG. IB). If the serum specimen does 
10 not contain antibodies the antigens present on the erythrocytes » all fhe erythrocytes 
will collect at the bottom of the reaction tabe (FIG. IQ. The results observed in 
this experiment are shown below in Table 4. 

TABLE 4 

15 



Antibody Specificity 


No. of Bcamples Tested 


No. Positive 


Anti-D 


1 


1 


Anti-c 


1 


1 


Anti-e 


1 


1 


Anti-K 


4 


4 


Anti-Fy" 


3 


3 


Anti-Fy^ 


2 


2 


Anti-Jl^ 


2 


2 


Anti-Jk* 


2 


2 


Anti-Xg* 


2 


2 
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EXAMPLE5 
Testing for the Presence or Absence of the 
Rh D Antigen on Ecydirocytes by Direct Assay . 
Using an IgM Human Monoclonal Anti-D 

5 

A. Preparation of Specific IgM Anti-D Agarose Beads 

Protein G will not directly bind IgM antibodies. Thus, in order to produce 
a gel capable of binding an IgM antibody, a bridging antibody may first be 
attadied to the Protein G agarose beads. In the following example, a moiise 
10 monoclonal antibody specific for human kappa light chains was utilized to attach 
an IgM kappa light chain human monoclonal anti-D to the agarose beads. 

Two ml of Immunopure® Immobilized Protein G was centrifaged for 
approximately two minutes at lOOOg and the supemate removed and discarded. 

15 Two ml of a pre-diluted sample of a mouse monoclonal anti-human kappa light 
chain (clone 5F3 mouse IgGl isotype) was added.' The monoclonal antibody 
containing culture supemate was diluted in O.OIM citrate buffered saline (pH S.O). 
The contents were mixed gentiy and allowed to stand for IS minutes. The 
agarose/antibody mixture was centrifuged for approximately two minutes at lOOOg 

20 and the supemate r^oved and tested for residual anti-kappa activity in an 
agglutination assay. 

That testing was perfomied in the following manner: a sample of 
pre-diluted anti-kappa not incubated with the Protein G agarose beads and a 
. 25 sample of diluted anti-kappa that had been pr&- incubated with the Protein G 

agarose beads were tested in parallel for their ability to agglutinate erythrocytes 
previously coated with an IgG kappa light chain antibody. The pieincubated 
sample gave a negative reaction, indicatii^ tiiat all the anti-kappa had become 
attached to the Protein G agarose beads. 

30 
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Two ml of a sample of a human monoclonal anti-D (clone GAMA-401 IgM 
kappa light chain) was added to the anti-kappa/Protein O agarose pellet. The 
monoclonal antibody containing culture supemate was diluted in 0.91M citrate 
bufifeied saline 5.0). The contents were mixed gently and allowed to stand 
5 for IS minutes. The agarose/antibody mixture was centrifuged for approximately 
two minutes at lOOOg and the supemate removed and tested for residual anti-D 
activity in an agglutination assay. 

That testing was performed in the following manner: a sample of anti-D not 
10 incubated with the anti-kappa/Protem G agarose beads and a sample that had been 
pre-incubated with the anti-kappa/Protem G agarose beads were titrated in parallel 
and tested for their ability to agglutinate Rh D positive erythrocytes. The 
pre-incubated sample produced a significant reduction in titration value, indicating 
that anti-D had become attached to the matrix. 

15 

The anti-D/anti-kappa/Protein G agarose beads were washed three times 
wifli 0.85% NaCl in order to remove any unbound anti-D. After the final wash, 
two ml of a O.OIM citrate buffered saline solution (pH 5.0) containing 7.5% 
Dextran (w/v) were added to the beads and mixed thoroughly. 

20 

The erythrocytes were obtained from citrated blood samples which had 
been previously typed using FDA approved anti-D bloodgrouping reagents. A 
0.8% suspension of erythrocytes was prepared in a low ionic strength solution 
(Gamma N-HANCE®, Gamma Biologicals, Inc.). 

25 

The preparation of the reaction tubes and test procedure are substantially 
identical to those previously described in Example L 

A. Results/Interpretation 
30 If the erydirocytes possess a normal e?q>ression of ^ rhesus D antigen, 

they will adhere to the anti-D agarose particles at the top of the solid phase matrix 
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(FIG. lA). If the eiythrocytes possess a weak (quantitative) expression of 1]ie D 
antigen, e.g., weak D« formerly called D*', then some will adhere to the anti-D 
agarose pardcles at the top of the. matrix and some will collect at the bottom of the 
reaction tube (FIG. IB). If the eiythrocytes do not possess the rhesus D antigen, 
all the eiytfaiocTtes will collect at the bottom of tfie reaction tube (FIG. IC). The 
that were obs^ed in this list are shown by low in Table S. 

TABLES 





Rh D Positive 


Rh D Negative 


WeakD | 


1 No. Tested 


8 


5 


2 1 


No. Positive 


8 


0 


2 1 



Testing eiythrocytes for tfie presence or absence of other bloodgroup 
antigens with JgM antibodies can be performed in a sfanilar manner. 



« « « 



Additional advantages and modifications will be readily apparent to those 
sldUed in the art The invention in its broads aspects is tii^efore not limited to 
20 the specific details or rqntsentative examples described. Accordiqgly, departures 
may be made firom the detail without departh^g firom die spurit or scope of tfie 
disclosed general inventive concept. 
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CLAIMS: 

1. A method for detecting a bloodgroup antigen on erythrocytes, comprising 
the steps of: 

5 

obtaining a sample of eiythrocytes to be tested; 

adding said sample to a reaction tube, said tube liaving a lengthwise axis 
and containing a reaction medium, said reaction medium comprising 
10 a plurality of particles which have immunoglobulin-binding ligands 

selected from the group consistii^ of Protein A, Protein G, Protein 
A/G or a universal kappa light chain binding protein coupled to the 
surface of said particles and antibodies specific for said bloodgroup 
antigen coupled to said ligand on s^d particles; 

15 

centrifuging said reaction tube for a time sufficient to pellet to the bottom 
of said reaction tube erythrocytes that do not attach to said 
antibodies on said particles; 

20 detecting attachment of said erythrocytes to said particles or lack thereof; 

and 

correlating attachment with the presence of said bloodgroup antigen* 

25 

2. A method for detecting a bloodgroup antigen on erythrocytes, coirq>rising 
the steps of: 

otttaining a sample of erythrocytes to be tested; 

30 
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adding said sample to a reaction tube, said tube having a lei^wise axis 
and containing a reaction medium, said reaction medium comprising 

a plurality of pardcles which have immunoglcAulin-binding ligands 

selected from the groiq) consisting of Protein A, Protein G, Protein 
5 A/G or a universal kappa light cbam binding protein coupled to the 

surface of said particles, a bridging antibody coiq)led to said ligand 
and antibodies specific for said bloodgroup andgen coupled to said 
bridging antibody on said particles; 

10 centrifuging said reaction tube for a time sufficient to pellet to the bottom 

of said reaction tube erythrocytes that do not attach to said 
antibodies coupled to said bridging antibodies that are coupled to 
said ligands on said pardcles; 

15 detecting attachment of said erythrocytes to said particles or lack thereof, 

and 

correlating attachment with the presence of said bloodgroup antigen. 

20 

3. The method of claims 1 or 2, wherein said centrifuging is performed using 
a centrifuge having a rotor adapted so that a centrifugal force gei^rated by said . 
centrifuging acts along said axis of said reaction tube. 

25 

4. The method of claim 3, wherein said o^^xtrifuging is performed for a time 
ranging from about 10-30 seconds in a range from about 800-1200g, for a time 
ranging from about 15-45 seconds in a range from about 300-6Q0g, and for a time 
ranging from about 45-90 seconds hi a range from about 800"1200g. 

30 
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5, A method for detecting a blood cell antigen in blood typing, comprising the 
steps of: 

obtainmg a sample of eiythrocytes to be tested; 

5 

incubating said eiythrocytes in a reaction tube with a preparation of 

antibodies specific for a known blood cell antigen under conditions 
ai^ for a time sufficient to bind said antibodies to said antigens if 
said antigens are present, said tube having a lengthwise axis and 
10 also containing a plurality of particles which have 

immunoglobulin-binding ligands selected from the group consisting 
of Protein A, Protein G, Protein A/G or a universal kappa light 
chain binding protein coupled to the sur&ce of said particles; 

15 centrifuging said reaction tube for a time sufficient to pellet to the bottom 

of said reaction tube eiythrocytes that do not attach to said ligand on 
said particles; and 

correlating attachment of said erythrocytes to said particles with the 
20 presence of said antigen on said eiythrocytes. 



6. A method for detecting blood serum antibodies specific for blood cell 
antigens, comprising the steps of: 

25 

obtauung a sample of erythrocytes having known antigens on the surface 
thereof; 



30 



obtaining a sanqile of blood serum to be tested for antibodies against said 
autigen; 
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incubating said erythrocytes and said serum in a reaction tube under 
conditions and for a time sufficient for said antibodies to bind to 
said antigens on said erythrocytes if said antibodies are present, said 
tube having a lengthwise axis and also containing a plurality of 
5 particles having a ligand comprising an immunoglobulin- binding 

protein selected from the group consisting of Protem A, Protein G, 
Protein A/G or a universal kappa light chain buiding protein coupled 
to the surface of said particles; 

10 centrifuging said reaction tube for a time sufficient to pellet to the bottom 

of said reaction tube eiytiurocytes that do not attach to said ligand on 
said particles; and 

correlating attachment of said erythrocytes to said particles with the 
15 presence of said antibodies. 

7. The method of claims I and S, wherein said antibodies are selected from 
the group consisting of anti-A, anti-B, anti-AB, smti-D, anti-C, anti-c, anti-E, * • 
20 anti-e, anti-K, anti-Fy*, anti-Fy^ anti-3k*, anti-Jk^, anti-S or anti-s. 

8» The method of claims 5 and 6, wherein said centriiuging is performed 
usiDg a centrifuge having a rotor adapted so that a centrifugal force generated by 
25 said centrifuging acts along the axis of said reaction tube. 

9. The method of claim 8, wherein said centrifugipg is performed for a time 
ranging from about 10-30 seconds in a range from about 800-1200g, for a tune 
30 ranging from about 15-45 seconds in a range from about 300-600g, aikl for a time 
ranging from about 45-90 seconds in a range fix>m about 800-1200g. 
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10. A method for detecting blood serum antibodies specific for blood cell 
antigens, comprisipg the steps of: 

5 obtaining a sanq>le of eiythrocytes having known antigens on the sur&ce 

thereof; 

obtaining a sanq)le of blood serum to be tested for antibodies against said 
^ antigens; 
10 

incubating for about 10 minutes at about 37**C said erythrocytes and said 
serum in a reaction tube, said tube having a lengthwise axis and 
contaming a plurality of particles haying Protein G coupled to the 
surface of each of said particles; 

15 

centrifiiging said reaction tube for about 15 seconds at from about 

900-lOOOg, then for about 30 seconds at from about 500g, and then 
for about 45 seconds at from about 900-lOOOg using a centrifuge 
adapted so that a centrifugal force generated by said centrifuge acts 
20 aloi^g the axis of said reaction tube; 

V../ 

detectii^ attachment of said eiythrocytes to said Protein G on said particles 
or lack thereof; and 

25 correlating attachment with the presence of said antibodies tested for. 

11. The method of clauns 1, 2. 5, 6 and 10, wherein said particles are of a 
material selected from the group consistiDg of i^arose, Sepharose or latex. 

30 
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il. The method of claims 1, 2, 5, 6 and 10, wherein said erythrocytes are 
prepared for testiqg in a low ionic strength solution creating an about 0.5-1.0% 
(w/v) suspension of said erythrocytes. 

5 

13. The method of clahns 6 and 10, wherein said known antigens are selected 
from a groi^ consisting of A, B, D, C, c, C*, E, e, K, Fy^ Fy\ Jk*, Jk**^ S and 
s. 

10 

14. The method of claims 6 and 10, wherein said antibody tested for is selected 
from the group consisting of anti-A, anti-B, anti-AB, anti-D, and-C, anti-c, anti-E, 
anti-^, anti-K, anti-Fy*, anti-Fy^ anti-Jk*, anti-JI^, anti-S or anti-s. 

15 

15. The method of claim 5, wherein the antigen tested for is selected from the 
group consisting of A, B, D, C, c, E, e, K, Fy*, Fy*, JK", Jkf'. S and s. 

20 16. An apparatus useful for detecting bloodgroup antigens and antibodies, 
comprising: 

a plurality of reaction tubes being spaced apart and coupled together to 
form a single unit array of said reaction tubes, said array being 
2 5 adapted for use in a centrifuge; 

each of said reaction tubes having: 

an upper longimdinal region haviz^ a substantially rectangular 
30 cross-section of first preselected diameter, forming a reaction 

well adapted to receive reagents and erythrocytes; 



wo 95/31731 



PCT/US9S/05982 



-31- 

a lower longitudinal region having a substantially circular 

cross-section of a second preselected diameter less than said 
first preselected diameter, forming a tube portion containing 
a column of immunoreactive particles having a ligand 
5 selected from the group consisting of Protein A» Protem G, 

Protein A/G or a universal kappa light ch^ binding protein 
coupled to the surface of said particles; and 

an intermediate longitudinal region having a diameter varying between said 
10 first and said second preselected diameters, said intermediate 

longitudinal region providing fluid communication between said 
upper and lower longitudinal regions. 

15 17. The apparatus of claim 16, wherein said single unit array of reaction tubes 
is in a linear configuration and further ccnnprises a top adapted to sealably close 
each of said reaction tubes in said single unit array. 

20 18. The apparatus of claim 17» wherein said single unit array has at least one 
substantiaUy planar surface adapted for affixing identifying information. 

19. The apparatus of claim 18, wherein said single unit array of reaction tubes 
25 is made of a biologically and chemically inert plastic. 



20. The apparatus of claim 19, wterein said single unit array of reaction tubes 
is made of polymethylpentene. 
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